ABSTRACT WINDER, FRANK G. (Trinity College, Dublin, Ireland). Peroxidatic activity of mycobacteria and relation to catalase. J. Bacteriol. 92:413-417. 1966.-Catalase from Mycobacterium smegmatis was purified about 50-fold. All fractions showed a ratio of peroxidatic activity to catalatic activity approximately the same as that of the crude extract, a ratio only about four times that given by catalase from Micrococcus lysodeikticus. This and other evidence strongly suggest that the peroxidatic activity of M. smegmatis is due to its catalase. Less complete evidence suggests that this is true in the case of Mycobacterium tuberculosis also. It is suggested that in the context of the mycobacteria the term "peroxidatic activity" should replace the term "peroxidase" unless evidence is found that a true peroxidase exists in these organisms.
Mycobacteria possess catalase and, also, peroxidatic activity towards certain phenols such as pyrogallol. Both activities are usually lacking in isoniazid-resistant strains of Mycobacterium tuberculosis (1, 11) . It is usually assumed that the catalatic and peroxidatic activities of these organisms are due to two distinct enzymes. Some species of mycobacteria and some strains of M. tuberculosis are negative to a qualitative test for peroxidatic activity but give a positive catalase test, but a very few strains are reported to give opposite results (4, 13, 14) .
However, catalase from various sources has some peroxidatic activity toward phenols (9, 12) , and this raises the possibility that the peroxidatic activity of mycobacteria is due to their catalase. Further, the evidence that strains of M. tuberculosis highly resistant to isoniazid usually arise by single-step mutation, together with the fact that such strains usually lack both catalatic and peroxidatic activities, suggests that both activities are governed by a single gene and hence due to the same enzyme in this organism (17) . Other evidence from this and other mycobacteria points in the same direction (7, 16, 19) . The work reported in this paper provides further evidence, particularly in the case of M. smegmatis, that the peroxidatic activity is due to catalase.
MATERIALS AND METHODS
Organisms used. Micrococcus lysodeikticus (Staphylococcus afermentans) was strain NCTC 2665 from the National Collection of Type Cultures. Mycobacterium smegmatis was a strain maintained in this laboratory (18) . M. tuberculosis strain BCG was obtained from Glaxo Laboratories Ltd.
Growth of organisms. M. lysodeikticus was grown in submerged culture in CCY liquid medium (6) dispensed in 830-ml lots in 2-liter conical flasks which were shaken on a rotary shaker at 220 oscillations per min, amplitude, 1 inch, for 40 hr at 35 C. The cells were harvested by centrifugation. M. smegmatis was grown for 5 days at 37 C on the surface of modified Proskauer & Beck medium supplemented with ferric and zinc ions (18) . M. tuberculosis was grown for 28 days at 37 C on the surface of modified Sauton method (20) . Both mycobacteria were harvested by filtration, sucked dry, and frozen at -15 C.
Extraction and purification of catalase. Extraction and purification of catalase from M. lysodeikticus was carried out as described by Herbert (8) as far as the end of step 5 (first ammonium sulfate fractionation), except that twice the amount of lysozyme (L. Light & Co., Colnbrook, Bucks., England) was used and lysis was allowed to continue for 24 hr at 30 C.
Cells of mycobacteria were disintegrated by grinding with Ballotini beads (no. 10) in a large chilled mortar. This material was suspended in 0.5% (w/v) NaCI and centrifuged. The supematant fluids were used for the preparation of catalase, as described by Herbert (8) 
RESULTS
Catalase from M. lysodeikticus was purified only in order that the behavior and peroxidatic activity of M. smegmatis catalase might be compared with these properties of the well-known M. lysodeikticus enzyme. The yield of catalase obtained from M. lysodeikticus was poor. This was largely due to the fact that the cells, as grown by us, had an unexpectedly low catalase content and were very resistant to lysozyme action; even after prolonged lysozyme treatment only about 25% of the cells were lysed. However, about a 30-fold purification of the catalase was achieved, and during this purification the ratio of peroxidatic to catalatic activity remained constant (Table 1) .
For the purification of catalase from M. smegmatis, the method of Galasinski, Wolosowicz, and Tysarowski (5), which was developed specifically for the purification of catalase from this organism, was first tried. However, in our hands, the original method of Herbert (8) was more satisfactory. In fact, we got a higher recovery of catalase from M. smegmatis than from M. lysodeikticus during the same purification steps ( Table 2 ). The ratio of peroxidatic and catalatic activity was about four times higher in this organism than in M. lysodeikticus. The ratio of activities remained close to constant during the purification process (Table 2) ; there was no systematic change in this ratio during the purification, the small departures from constancy being random, and mostly due to pH effects.
To test further whether the peroxidatic and catalatic activities were associated with each other, several batches of partially purified catalase were chromatographed on DEAE cellulose. When this was done on the 30 and 40% saturation ammonium sulfate fractions, more than a dozen protein peaks were obtained in each case; yet all of the catalatic and peroxidatic activities recovered were associated with a single peak, in which they occurred with increased specific activity and in the same ratio as before (Table 3) .
Attempts were made to purify the catalase from M. tuberculosis BCG by the same procedure. Each time this was tried, the major part of the activity disappeared on treatment with ethyl (14) .
Extracts of both organisms, whether crude or partially purified, showed much lower peroxidatic activity under these conditions than under the normal conditions of assay. Further, the ratio of peroxidatic activity determined by this method to the activity as normally determined was not affected by whether the extract was derived from M. tuberculosis or from M. smegmatis or by the degree of purification of the extract. This suggests that the peroxidatic activity observed with the use of catechol at pH 4 is due to the same enzyme that gives the reaction with pyrogallol at pH 7. DIscussIoN The results suggest strongly that the peroxidatic activity of M. smegmatis is due to its catalase. All catalases show peroxidatic activity (12) , and it is only necessary to accept that the M. smegmatis enzyme has a three-to fourfold higher ratio of peroxidatic to catalatic activity than the M. lysodeikticus enzyme. This contrasts with typical peroxidases; for example, horseradish peroxidase has at least a 1 million-fold higher ratio of peroxidatic to catalatic activity, as measured by the methods described in this paper, than M. lysodeikticus catalase. There is no evidence for the presence in M. smegmatis of an enzyme with such a high ratio of peroxidatic to catalatic activity, or with a different specificity toward hydrogen donors from that displayed by catalase.
Owing to our failure to purify the enzyme from M. tuberculosis, the evidence for this organism is less complete. However, such evidence as is given in this paper, the genetic argument summarized in the introduction, the correlation between levels of catalatic and peroxidatic activities in different strains of M. tuberculosis (7) , and the similarity between the properties of the two activities in M. tuberculosis (16) , all taken together, make a strong case that the peroxidatic activity of this organism is due to catalase also.
The greater destruction of M. tuberculosis catalase than of the M. smegmatis enzyme during the purification procedure may reflect a greater instability of the former enzyme, or it may be due to the presence of a component in the former extract which combines irreversibly with the enzyme during purification.
The only definite argument in favor of a peroxidase in M. tuberculosis independent of its catalase is that certain tests for peroxidatic activity (particularly those employing catechol at pH 4), when applied to unbroken cells, give positive results with most strains of M. tuberculosis, while these tests give weaker or negative results with other mycobacteria, even though they contain catalase, and they give apparently negative results also with a few catalase-containing strains of M. tuberculosis (4, 13, 14) . However, the facts that these tests are only qualitative and that they are performed on unbroken cells greatly limit the conclusions that should be drawn from them (2, 17) . Our findings that M. smegmatis extracts have as much peroxidatic activity as M. tuberculosis extracts, whether this is assayed with the use of pyrogallol or catechol, at pH 4 or 7, indicate that the different responses of whole cells of these two organisms to peroxidase tests result from a difference in some other property of the cells; in both organisms, the catalase is largely but not entirely intracellular (16) , and a difference in penetration of substrates or in escape or further metabolism of products could obviously affect the response to the test.
